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Biomass production and protein content of semiarid grasslands in 
western Spain over a 20-years period 
 
Vázquez de Aldana B. R., García Ciudad A. and García Criado B. 
 
Instituto de Recursos Naturales y Agrobiología- CSIC, Apdo 257, 37071 Salamanca, Spain. 
 
Abstract 
 
The ‘dehesas’ are savanna-like semiarid grasslands typical of western Spain. Over a 20-years period, 
from 1986 to 2005, biomass production and protein content of ‘dehesa’ pastures in the province of 
Salamanca (western Spain) was analysed. Herbage samples were collected at the end of spring, in 
several locations (between 5 and 30, depending on years), at two different topographic positions (upper 
and lower slope zones). 
Biomass production ranged between 50 – 214 g DM m-2 in the upper slope zone, and between                 
148 – 419 g DM m-2 in the lower slope zone. The mean over the 20-years period was 125 g DM m-2 in 
the upper zone and 287 g DM m-2 in the lower zone. The protein content ranged between                        
79.8 – 111.3 g kg-1 in the upper zone, and between 85.7 – 144.2 g kg-1 in the lower zone. The mean 
across years was 96.5 g kg-1 in the upper and 116.4 g kg-1 in the lower zone.  
Interannual variations in biomass production and protein content of upper and lower zones were 
correlated. A significant correlation (P<0.05) was found between biomass production and annual 
precipitation. 
 
Keywords: dehesas, protein, herbage production, interannual variations. 
 
Introduction 
 
Grasslands of the western of the Iberian Peninsula form part of the ‘dehesas’, a semiarid ecosystem 
which occupy more than 6,000,000 ha. The ‘dehesa’ system occurs on gently undulating hills and 
features low-density Quercus ilex L. subsp. rotundifolia with a botanically complex herbaceous 
component. The main land use is extensive grazing by beef and bullfighting livestock.  
Mediterranean ecosystems are characterized by strong seasonal and inter-annual variations in the 
biomass production. At a regional scale (spatial scale) mean aboveground net primary production of 
grasslands of widely different systems is strongly correlated to annual precipitation (Sala et al., 1988). 
Much less is known about the control of temporal, inter-annual variations of productivity at a given site, 
and relationships are weak.  
The objective of this study was to analyse the interannual variations of biomass production and protein 
content of semiarid grasslands in western Spain, over a 20-years period and to evaluate relationships 
between production, protein and climatic variables. 
 
Materials and methods 
 
Thirty gentle slopes were selected within the ‘dehesa’ grasslands of Salamanca province (western 
Spain). From 1986 to 1993 years, herbage samples were collected in those 30 locations. From 1994 to 
2005 five slopes, of the 30 previously selected, were chosen and herbage samples were collected at two 
different dates 15 days separating. In all cases, two slope positions were differentiated on each location: 
upper and lower zones. Sampling was done at the end of the growing season, when plants were at the 
flowering-fruiting stage; those obtained from the upper zones were at a later stage of ripening than those 
from the lower zone. Sampling was done by cutting the herbaceous vegetation in four randomly selected 
quadrants (0.25 m²). Dry matter production was determined by drying at 60 ºC for 48 h in a forced-air 
oven. Ground samples were analysed for crude protein by the Kjeldahl method. 
Analysis of variance with sampling year and slope zone as factors was applied to data. A correlation 
analysis was used to assess relationships between biomass production, protein content and the following 
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climatic variables: annual precipitation, seasonal and monthly precipitation, mean annual daily and 
mean seasonal temperature. Total annual precipitation and mean annual daily temperature were 
calculated from 1 October of the year previous to sampling to 30 June of the sampling year, which is the 
month when samples were collected. 
 
Results and discussion 
 
The yearly mean values of biomass production at two slope positions, over the 20-years period, are 
shown in Figure 1. There was a significant effect of sampling year (P<0.001), slope zone (P<0.001) and 
their interaction (P<0.01). In the upper zone, the biomass production ranged from 50.3 g m-2 (in 1997 
year) to 214.4 g m-2 (in 1998). In the lower slope zone, ranged from 147.8 g m-2 (in 2002) to 416-419 g 
m-2 (in 1990 and 1996 respectively). The mean over years was significantly (P<0.001) greater in the 
lower zone (287.9 g m-2) then in the upper (125.5 g m-2).  
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Figure 1 - Biomass production (g m-2) of ‘dehesa’ pastures in the upper and lower slope zones over a 
20-years period (1986-2005). Values are means ± SE. 
 
There was a significant relationship of the biomass production between the upper and the lower zones 
across sampling years (r2= 0.788, P<0.001, n=16). This suggests that interannual variations in the 
biomass production follow similar patterns in both slope zones.  
Of all climatic variables considered, the biomass production across sampling years was only 
significantly related to annual precipitation (r2=0.54, P<0.05, n= 16). Interannual variations of a single 
shortgrass steppe site across 52-years series have been related to precipitation of the same year 
(Lauenroth and Sala, 1992) and to previous year production and precipitation (Martin et al., 2001). In 
both studies, the percentage of the variation in production among years explained was greater than in 
ours, but this could be due to differences in the time period.  
The protein content of herbage in the upper and lower zones is shown in Figure 2. Analysis of variance 
showed a significant effect of sampling year (P<0.001), slope zone (P<0.001) and their interaction 
(P<0.001). In the upper zone, the protein ranged between 79.8 g kg-1 (in 1996 year) and 111.3 g kg-1 (in 
1993). In the lower zone the minimum was 85.7 g kg-1 (in 1988) and the maximum 144.0 g kg-1 (in 1991 
and 1993 years). The mean protein content, over the whole sampling period, was significantly (P<0.001) 
greater in the lower zone (116.4 g kg-1) than in the upper (96.5 g kg-1). 
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Figure 2 – Protein content (g kg-1 DM) of ‘dehesa’ pastures in the upper and lower slope zones over a 
20-years period (1986-2005). Values are means ± SE. 
 
A significant correlation was found in the protein content between upper and lower zones (r2= 0.79; 
P<0.001; n= 16), which indicates similar patterns of variation in both slope zones. 
The protein content was negatively related to annual precipitation (r2= −0.56; P<0.05; n=16). This could 
be explained because the proportion of legumes in the herbage is negatively related to the proportion of 
grasses (r2= −0.70; P<0.01; n=16). As the protein content of grasses is much lower than that of legumes 
(Vázquez de Aldana et al., 2000), the increase in precipitation which leads to an increase in production, 
means also a decrease in the proportion of legumes, and therefore lower protein content in the herbage.  
 
Conclusions 
 
Interannual variations in biomass production and protein content of upper and lower zones were 
correlated. Significant positive correlation was found between biomass production and annual 
precipitation and negative between protein content and annual precipitation. 
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